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Who is IDC Technologies?

IDC Technologies is a specialist in the field of industrial communications,
telecommunications, automation and control and has been providing high quality training
for more than eight years on an international basis from offices around the world.

IDC consists of an enthusiastic team of professional engineers and support staff who are
committed to providing the highest quality in their consulting and training services.

The Benefits to you of Technical Training Today

The technological world today presents tremendous challenges to engineers, scientists
and technicians in keeping up to date and taking advantage of the latest developments in
the key technology areas.

The immediate benefits of attending IDC workshops are:

• Gain practical hands-on experience

• Enhance your expertise and credibility

• Save $$$s for your company

• Obtain state of the art knowledge for your company

• Learn new approaches to troubleshooting

• Improve your future career prospects

The IDC Approach to Training

All workshops have been carefully structured to ensure that attendees gain maximum
benefits.  A combination of carefully designed training software, hardware and well written
documentation, together with multimedia techniques ensure that the workshops are
presented in an interesting, stimulating and logical fashion.

IDC has structured a number of workshops to cover the major areas of technology.  These
courses are presented by instructors who are experts in their fields, and have been attended
by thousands of engineers, technicians and scientists worldwide (over 11,000 in the past
two years), who have given excellent reviews.  The IDC team of professional engineers is
constantly reviewing the workshops and talking to industry leaders in these fields, thus
keeping the workshops topical and up to date.
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Technical Training Workshops

IDC is continually developing high quality state of the art workshops aimed at assisting
engineers, technicians and scientists.  Current workshops include:

Instrumentation, Automation and Process Control
Practical Programmable Logic Controllers (PLC's) for Automation and Process Control
Practical Data Acquisition using Personal Computers and Standalone Systems
Practical Analytical Instrumentation in On-Line Applications
Practical Industrial Flow Measurement for Engineers and Technicians
Practical Intrinsic Safety for Engineers and Technicians
Practical Safety Instrumentation and Shut-down Systems for Industry
Practical Process Control for Engineers and Technicians
Practical Programming for Industrial Control - using IEC 1131-3 and OPC
Practical SCADA and Telemetry Systems for Industry
Practical Boiler Control and Instrumentation for Engineers and Technicians
Practical Instrumentation for Automation and Process Control
Practical Motion Control for Engineers and Technicians
Practical Automation Systems: A Primer for Managers
Practical Batch Management and Control (Including S88) for Industry
Practical Hazardous Areas for Electrical Equipment
Practical Tuning of Industrial Control Loops

Data Communications and Networking
Practical Data Communications for Instrumentation and Control
Practical Troubleshooting TCP/IP Networks
Practical FieldBus and Device Networks for Engineers and Technicians
Practical Industrial Communication Protocols
Practical Fibre Optics for Engineers and Technicians
Practical Industrial Networking: Ethernet in Practice
Practical TCP/IP and Ethernet Networking for Industry

Practical Telecommunications for Engineers and Technicians
Practical Local Area Networks for Engineers and Technicians
Practical Wireless and Mobile Radio Systems for Industry
Practical Use and Understanding of Foundation FieldBus for Engineers and Technicians
Working with and Troubleshooting of TCP/IP Networks
Practical Troubleshooting and Problem Solving of Industrial Data Communication Systems
Practical DNP 3.0 and Modern SCADA Communication Systems
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IT (Information Technology)
Practical Essentials for NT 4.X
Practical Support of Windows NT 4.x Servers
Practical Web-Site Development and E-Commerce Systems for Industry
Personal Computer and Network Security (Protect from Hackers, Crackers & Viruses)
Practical Guide to MCSE Certification - NT or 2000 exam entry level
Practical Application Development for Web Based SCADA
Practical TCP/IP, Troubleshooting and Problem Solving for Industry Professionals
SNMP Network Management: The Essentials

Electrical Power
Practical Power System Protection for Engineers and Technicians
Practical High Voltage Safety Operating Procedures for Engineers and Technicians
Practical Power Quality: Problems and Solutions
Practical Electrical Network Automation and Communication Systems
Practical Power Distribution
Practical Variable Speed Drives for Instrumentation and Control Systems
Practical Earthing, Bonding, Lightning and Surge Protection of Electrical and
Electronic Systems and Equipment

Electronics
Practical Digital Signal Processing Systems for Engineers and Technicians
Practical Industrial Electronics for Engineers and Technicians
Practical Image Processing and Applications
Practical EMC and EMI Control for Engineers and Technicians
Practical Embedded Controllers: Troubleshooting and Design

Project and Financial Management
Practical Project Management for Engineers and Technicians
Practical Financial Management and Project Investment Analysis
How to Manage Consultants
Practical Technical Writing for Engineers and Technicians
Marketing for Engineers and Technical Personnel

Mechanical Engineering
Practical Boiler Plant Operation and Management for Engineers and Technicians
Practical Centrifugal Pumps - Optimising Performance
Practical Clean Room Technology and Facilities for Engineers and Technicians
Practical Operation and Troubleshooting of Hydraulic Systems
Practical Vibration Analysis and Predictive Maintenance
Practical Fundamentals of Air-Conditioning and Refrigeration

Miscellaneous Engineering
Practical Fundamentals of Chemical Engineering
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Comprehensive Training Materials

Workshop Documentation

All IDC workshops are fully documented with complete reference materials including
comprehensive manuals and practical reference guides.

Software

Relevant software is supplied with most workshops.  The software consists of demonstration
programs which illustrate the basic theory as well as the more difficult concepts of
the workshop.

Hands-On Approach to Training

The IDC engineers have developed the workshops based on the practical consulting
expertise that has been built up over the years in various specialist areas. The objective of
training today is to gain knowledge and experience in the latest developments in technology
through cost effective methods.  The investment in training made by companies and
individuals is growing each year as the need to keep topical and up to date in the industry
which they are operating is recognized.  As a result, the IDC instructors place particular
emphasis on the practical, hands-on aspect of the workshops presented.

On-Site Workshops

In addition to the quality of workshops which IDC presents on a world-wide basis, all IDC
workshops are also available for on-site (in-house) presentation at our clients premises.

On-site training is a cost effective method of training for companies with many delegates to
train in a particular area.  Organizations can save valuable training $$$’s by holding
workshops on-site, where costs are significantly less.  Other benefits are IDC’s ability to
focus on particular systems and equipment so that attendees obtain only the greatest
benefits from the training.

All on-site workshops are tailored to meet with clients training requirements and workshops
can be presented at beginners, intermediate or advanced levels based on the knowledge
and experience of delegates in attendance.  Specific areas of interest to the client can also
be covered in more detail.

Our external workshops are planned well in advance and you should contact us as early as
possible if you require on-site/customized training. While we will always endeavor to meet
your timetable preferences, two to three months notice is preferable in order to successfully
fulfil your requirements.

Please don’t hesitate to contact us if you would like to discuss your training needs.
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Customized Training

In addition to standard on-site training, IDC specializes in customized courses to meet
client training specifications.  IDC has the necessary engineering and training expertise
and resources to work closely with clients in preparing and presenting specialized courses.

These courses may comprise a combination of all IDC workshops along with additional
topics and subjects that are required.  The benefits to companies in using training is
reflected in the increased efficiency of their operations and equipment.

Training Contracts

IDC also specializes in establishing training contracts with companies who require ongoing
training for their employees.  These contracts can be established over a given period of
time and special fees are negotiated with clients based on their requirements.  Where possible
IDC will also adapt workshops to satisfy your training budget.

References from various international companies to whom IDC is contracted
to provide on-going technical training are available on request.

Some of the thousands of Companies world-wide that have supported
and benefited from IDC workshops are:

• Alcoa
• Allen-Bradley
• Altona Petrochemical
• Aluminum Company of America
• AMC Mineral Sands
• Amgen
• Arco Oil and Gas
• Argyle Diamond Mine
• Associated Pulp and Paper Mill
• Bailey Controls
• Bechtel
• BHP Engineering
• Caltex Refining
• Canon
• Chevron
• Coca-Cola
• Colgate-Palmolive
• Conoco Inc
• Dow Chemical
• ESKOM
• Exxon
• Ford
• Gillette Company
• Honda
• Honeywell

• Kodak
• Lever Brothers
• McDonnell Douglas
• Mobil
• Modicon
• Monsanto
• Motorola
• Nabisco
• NASA
• National Instruments
• National Semi-Conductor
• Omron Electric
• Pacific Power
• Pirelli Cables
• Proctor and Gamble
• Robert Bosch Corp
• Siemens
• Smith Kline Beecham
• Square D
• Texaco
• Varian
• Warner Lambert
• Woodside Offshore Petroleum
• Zener Electric
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Fundamentals of motion control 

1.1  Introduction 
Motion control is the term used to describe a variety of techniques for orchestrating the 
movement of machinery and objects. Most often accomplished via electric motors and 
valves under computer control, it has rapidly become the mainstay of modern 
manufacturing. Robotics, CNC, and industrial automation are all examples of motion 
control. 

Motion control is a process of computer-controlled kinetics, i.e. the foundation of 
robotics. Computer numeric control (CNC), is an antiquated term for this process, 
recalling an era when programmers entered the numeric commands and coordinates, for 
each machine movement. The ability to precisely control the path of a tool enables 
fabrication of objects that would not be possible or practical by hand held methods. 

Example 1.1: Let us take an example of linear motion control in two dimensions—a 
pen plotter. The motion of a pen is broken up into two axes—X and Y, and controlled 
with the help of motors.  

The above is an example of linear motion control in two dimensions, but the process 
can be expanded to three dimensions and generalized to other coordinate systems-- 
cylindrical, spherical, etc. The pen path information is stored as a list of consecutive x, y 
coordinates, and the pen up/down information, for the pen plotter. Such a format is the 
structure of all ‘plot-files,’ and readily available by drawing programs such as Adobe 
illustrator, CAD/CAM programs, CorelDraw, etc.  

Over the period, motion control has evolved from total control of mechanical devices 
by mechanical means to mostly electrical and electronic means of control. More and more 
motion control systems are based on microprocessors and microcomputers. Motion 
control does not only involve controlling the movements of mechanical systems, but also 
coordinating the movements around the objects that might be fixed in their locations. 
Motion control involves much more than just turning the motor on or off in today’s world 
of high automation. Motion does not always involve an electrical motor; pneumatic, 
hydraulics and mechanical systems also play an important role. 

For motion control, we need a motion controller that can be programmed or configured 
by simple means to control the desired motion. It is important to have a feedback unit, 
which gives the feedback about the motion and the environment. Another important 
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device required for a motion control system is the motion actuator.  During the design of 
a motion control system, a suitable motion actuator is selected in order to act as a final 
element for motion control.  A motion actuator can be an electric motor, 
hydraulic/pneumatic control valve, etc. 

1.2  Definition of motion control 
The term motion is defined as an act, process, or an instance of changing position. 
Control is defined as the power or authority to guide or manage, coordinate or direct. 

In motion control, we monitor a desired motion or movement and direct the motion 
based on a logical pattern, in order to achieve the desired result. A motion controller, 
whether a hardware or software control algorithm, helps us in coordinating, guiding, and 
managing the motion. 

A block diagram of a typical motion control system is shown in Figure 1.1. The motion 
controller gets a motion set point or a reference position command from an operator or a 
host computer. The motion controller also gets the position feedback from the position 
sensor, and compares it with the desired position. The difference between the desired 
position and the actual feedback position is an error. Based on the error, the controller 
output is adjusted so that the error is minimized. 

 

 

Figure 1.1  
Block diagram of a typical motion control system 

1.3  Fundamental concepts  
As we will discuss motion control system in detail, it is important to go through the 
fundamental concepts of motion. 

1.3.1  Motion 
A body is said to be at rest, if it occupies the same position with respect to its 
surroundings, at all times. But, when a body changes its position with respect to its 
surroundings, it is said to be in motion. 

For motion control, it is important to understand the motion we want to control. 
Dynamics is the part of mechanics that deals with the analysis of bodies in motion. The 
study of dynamics is divided in two branches known as Kinematics and Kinetics. 

Kinematics is the study of relationships between displacement, velocity, acceleration, 
and time, of a given motion without considering the forces that cause the motion. 
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Kinetics is the study of relationships between the forces acting on a body, the mass and, 
the motion of the body. Kinetics can be used to predict the motion caused by the given 
forces or to determine the forces required, to produce a prescribed motion. 

Since dynamics is based on the natural laws governing the motion of a particle, the 
concept of a particle is a convenient idealization, of a physical object that need not be 
small, in size. The mass of a body is assumed concentrated at a point and the motion of 
the body is considered as the motion of an entire unit neglecting any rotation about its 
own center of gravity.  If rotation of a body about its center of gravity is not negligible, 
then the body cannot be considered as a particle. 

1.3.2  Types of motion 
When a particle moves in space, it describes a trajectory called a Path. The path can be 
straight or curved. 

 Rectilinear motion  
When a particle moves along a path, in a straight line it is called Rectilinear motion. 

 Displacement 
A particle in rectilinear motion, at any instant of time will occupy a certain position (P) 
on the straight line. Say, the particle was originally at point (O), the distance (x) of the 
particle at any point of time (t), is called the Displacement of the particle at that time. 
Displacement of a particle in rectilinear motion is represented on a straight line as shown 
in Figure 1.2 (a).  The displacement is assumed positive in the rightward direction from 
the original position (O), and negative in the leftward direction. 

 Displacement-time diagram (x-t curve) 
When the position of the particle is plotted as a function of time, we get the 
Displacement-time diagram as shown in Figure 1.3 (a). The slope of the x-t curve at any 
instant represents the velocity of the particle at that instant. In Figure 1.3 (a), the particle 
at different point of time t1, t2, t3 has positive, zero, and negative velocity respectively. 

 Distance traveled 

The distance traveled by a particle is different from its displacement from the origin. For 
example, in Figure 1.2 (a), if a particle moves from origin (O) to position P1, and then to 
position P2, its position is −x2 from the origin, but the distance traveled by the particle is 
2x1+ x2. 
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Figure 1.2 
Displacement and velocity of a particle 
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Figure 1.3 
Graphical representation of displacement, velocity, and acceleration 

 Average velocity  
Let the particle, at any point of time (t) occupy the position (P) at a distance (x) from the 
origin (O).  At time (t + ∆t), it occupies the position (P’) at a distance (x + ∆x) from the 
origin (O) as shown in Figure 1.2 (b).   
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The average velocity of the particle over the time interval ∆t is given as: 
vavg  =   ∆x                      …1.1 
             ∆t 

 Instantaneous velocity  
It is the velocity of a particle at a particular instant of time. It can be obtained from 
average velocity by choosing the time interval (∆t), and displacement (∆x) very small. 
The instantaneous velocity is defined as: 

v  = limit   ∆x =  dx                           …1.2 
       ∆t –> 0     ∆t      dt 
 
The velocity-time diagram is obtained by plotting the velocity of the particle as a 

function of time as shown in Figure 1.3 (b). 

 Average acceleration  
Let v be the velocity of the particle at any point of time (t). If at a later time (t + ∆t), the 
velocity of the particle becomes (v + ∆v), then the average acceleration of the particle is 
defined as: 

aavg  =   ∆v                      …1.3 
             ∆t 

 Instantaneous acceleration 
It is the acceleration of a particle at a particular instant of time. It can be obtained by 
choosing the time interval (∆t), and velocity (∆v) very small. Instantaneous acceleration 
is defined as: 

a  =  limit   ∆v   =  dv   =  v dv               …1.4 
        ∆t –> 0     ∆t        dt           dx 
 
An acceleration-time diagram is obtained by plotting the acceleration as a function of 

time as shown in Figure 1.3 (c). 

 Uniform motion  
A particle is said to have a uniform motion when its acceleration is zero, and its velocity 
is constant. 

 Uniformly accelerated motion  
A particle moving with a constant acceleration is said to be in a uniformly accelerated 
motion. 

 Curvilinear motion  
When a particle moves along a curved path, it is called Curvilinear motion. If the curved 
path lies in a plane, it is called Plane curvilinear motion. When the direction of the force 
acting on a particle varies, or when the particle has some initial motion in the direction 
that does not coincide with the direction of the force acting on the particle, the particle 
moves in a curved path.  

The curvilinear motion of a particle is expressed in terms of rectangular components, in 
terms of components directed along the tangent, and the normal to the path of the particle. 
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1.3.3  Plane motion of rigid bodies 
In the plane motion of a rigid body, all the particles of the body move in parallel planes. 
The motion of any one such parallel plane can represent the motion of a body.  

Various types of plane motion of bodies are classified as: 

 Translation 
A rigid body is said to have a translatory motion if an imaginary straight line drawn on 
the body remains parallel to its original position during the motion. As shown in Figure 
1.4, all the particles of the body move along the parallel path in a translatory motion. If 
these paths are straight lines, the motion is said to be a rectilinear translation, and if these 
paths are curved, the motion is said to be curvilinear translation. 

 

Figure 1.4 
Translatory motion of a rigid body 
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Rotation 
In a rotary motion, all the particles of a rigid body move in concentric circular paths. The 
common center of circles may be located in the body or outside as shown in Figure 1.5. 

 

Figure 1.5 
Concentric circular path in rotation of a rigid body 

Let us consider a rigid body that rotates about a fixed axis, perpendicular to the plane of 
the slab, and intersecting it at point O. Let P be another point on the rigid body as shown 
in Figure 1.6. The position of the rigid body is defined by the angle (θ), known as the 
Angular coordinate of the body. 

The angular velocity (ω), of the rigid body is given by: 
ω =  dθ                      …1.5 
        dt 
 
The angular velocity is measured in radians/second. At times it is also measured in 

revolutions per minute (r.p.m) as follows: 
ω  = 2πN                        …1.6 
          60 
where 
N is the number of revolutions. 
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The angular acceleration (α) of the rigid body is given as: 
α  =  d2θ                      …1.7 
         dt2 

 

Figure 1.6 
Rotation of a rigid body 

 Uniform rotation 
In uniform rotation, the angular acceleration of the body is zero, and it rotates with a 
constant angular velocity. 

 Uniformly accelerated rotation 
 The angular acceleration of the body is constant during the rotation. 
Example 1.2: A grinding wheel is attached to the shaft of an electric motor with 1800 
r.p.m., rated speed. On switching on the power, the grinder attains the speed in 5 seconds, 
and when the power is switched off, the grinder coasts to rest in 90 seconds. 

Assume that the grinder wheel has uniformly accelerated motion. Determine the 
number of revolutions the grinder wheel has to turn before it attains the rated speed, when 
switched on and number of revolutions it turns to come to rest. 

The rated speed of the motor (N) = 1800 r.p.m. 
The angular velocity of the grinder wheel can be determined using equation 1.6 as 

follows: 
ω  = 2πN             
          60 
or ω  = 2π (1800) 
                60 
or ω  = 60 π              
 
The grinder wheel thus attains the rated speed, and the following equations describe the 

angular motion of the grinder wheel: 
ω  = ωο  + α t              
or  60 π  =  0  + α (5)              
or 5 α  = 60 π  
or α  = 12 π  radians / sec2 
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ω2 = ωο
2 + 2 αθ              

or  (60π)2  =  0  + 2 (12π) θ              
or  24π θ  =  (60π)2               
or  θ  =  (60π)2 / 24π               
or  θ  =  (60π)2 / 24π  
 
The number of revolutions the grinder wheel has to turn before attaining the rated speed 

is:  
 =  θ  / 2π  
 =  (60π)2 / (24π) (2π) 
 =  (60π)2 / (24π) (2π) 
 =  3600 / 48  
 =  75 
 
The angular motion of the grinder wheel rotating at the rated speed to come to rest, is 

determined by: 
ω  = ωο  + α t              
or  0  =  60 π + α (90)        
or 90α = −60 π  
or  α  =  −60π / 90 radians / sec2 
ω2 = ωο

2 + 2 αθ              
or  0  =  (60π)2 + 2 (−60π/90) θ              
or  (4π /3)θ = (60π)2               
or  θ  =  (60π)2 / (4π /3)               
 
The number of revolutions the grinder wheel has to turn before coming to rest is: 
=  θ  / 2π  
=  (60π)2 / (4π /3) (2π) 
=  (60π)2 / (8π2 /3)  
=  3 (60)2 / 8 
=  10800 / 8  
=  1350 

 General plane motion 
Any plane motion that is neither translation nor rotation is known as a General plane 
motion. A general plane motion, however, has characteristics of a plane motion, that is, 
all the particles of the body move in parallel planes. A rolling cylinder without slipping is 
an example of a general plane motion, as shown in Figure 1.7. Another important aspect 
of a general plane motion of a rigid body is that it can always be considered as the sum of 
a plane translation, and rotation about an axis perpendicular to the plane motion. 
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Figure 1.7 
General plane motion of a rigid body 

1.3.4  Fundamental principles 
Motion based on elementary mechanics rests on the following fundamental principles: 

 Newton’s laws of motion 

 Newton’s first law 
Every body continues in a state of rest or of uniform motion in a straight line, unless it is 
compelled to change that state by a force imposed on the body. 

 Newton’s second law 
The acceleration of a given particle is proportional to the impressed force, and takes in 
the direction of the straight line in which the force is impressed. 

F  = m a 

 Newton’s third law 
To every action there is an equal and opposite reaction. 

 Newton’s law of gravitation 
Two particles are attracted towards each other along the line connecting them, with a 
force whose magnitude is proportional of their masses, and inversely proportional to the 
square of the distance between them. 

F  = G (m1m2 ) / d2 

 The parallelogram law 
If two forces acting at a point are represented in magnitude and direction by the adjacent 
side of a parallelogram, then the diagonal of the parallelogram passing through their point 
off intersection represents the resultant, in both magnitude and direction. 

 Principle of transmissibility of a force 
It states that, the condition of equilibrium or condition of motion of a rigid body remains 
unchanged, if the point of application of force, acting on the body is transmitted to act at 
any other point along its line of action. 
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1.4  Engineering practice and techniques 
While designing a motion control system, there are several elements involved in the 
design, selection, and implementation of the control system. One has to design a control 
system with lowest cost, complexity, methods yielding high integrity and reliability, 
methods to ensure maximum throughput, lower power consumption, ease of use, and 
fulfill safety requirements. A control system with all these qualities can be designed only 
by adopting good engineering practices and techniques, while designing or 
implementation of the control system. 

1.4.1  Applying motion control  
To apply precise motion control and implement a motion control system successfully, one 
should follow the following steps: 

• Clearly define the problem 
• Specify detailed operating specifications 
• Determine the load and machine requirements 
• Prepare an operational time-diagram of mechanical operations to be 

controlled 
• Identify the real-time needs of the operations, to arrive at hardware and 

software requirements 
• Determine the amplifier / motor parameters to aid in the control of the 

system 
• Ensure that the feedback device and resolution meets the system stability and 

precision requirements 
• Select suitable input-output sensors for smooth reaction to various operating 

conditions 
• Identify operator interface and motion control device 
• View the complete system operation from the end-user point-of-view so that 

the system is easy to operate, repair, and troubleshoot 
While defining the problem, know about the product, its requirements and limitations. 

Clear understanding about the product required will help you in producing precise 
motion. Consider the load variables; determine velocity, and acceleration limitations for 
the load. Load related information also indicates about the precision, and type of feedback 
device that is required to achieve precise control. It is important to understand the motion 
control application requirement first, and than select the hardware for the application. 

It is important to determine the limitations of the mechanics and ensure that the 
mechanics designed to drive the load should not exceed the limitations. Machine design, 
gives the details of load weight, inertia, friction, and other parameters required for 
selecting motors. The motor and amplifier achieve the motion control objectives. Smooth 
and stable motion control also depends on the motor response, also known as Bandwidth. 
The motor response depends on the electrical time constant of the motor, and the 
mechanical time constant of the overall system. Proper selection of these two parameters 
helps in precise motion control. A feedback sensor helps in stabilizing the performance of 
the motion control system. While selecting motion control system components, selection 
of feedback sensor is most important followed by selection of motor and amplifier. As 
varieties of motors are available in the market, and several motors may meet the 
requirements of the particular application, the choice should be made based on 
availability, reliability and cost. 



Fundamentals of motion control  13 

Next, to determine choice of control, make a flow chart of the operating software. A 
simple, control logic may require simple hardware, with an embedded controller whereas 
a complex, control logic may require a complete computer based system. The controller 
or the control system chosen should have easy understanding, and portable software 
language like Basic or C apart from non-portable motion command set.  

1.4.2  Determining the limitations of the mechanics 
The mechanics are designed to manipulate the product, and should not exceed those 
design requirements. This does not mean that the limitation of the machine is imposed by 
the product in all cases. The tools used to work the product might be the restricting 
influence. It might be the budget, size, or the strength problem such as the area in which 
the machine is to be placed. The machine design gives us a whole set of parameters— 
inertia, friction, weights, timing, etc., all of which are used to select a motor. The motor 
and amplifier help the motion controller to achieve its desired objectives. Smooth and 
stable slow motion is not just a control problem, neither is high speed indexing or a robot 
control. The motor adds a dimension of response, also referred as bandwidth. This is 
controlled by a combination of the motor’s electrical time constant, and the overall 
systems mechanical time constant. If chosen properly, these two factors help the motion 
perform as desired. Irrespective of the mode of the motor amplifier, a tachometer 
feedback can help in stabilizing the system performance. The type of feedback sensor is 
the most important component in the selection of the entire control system, followed by 
the motor and its amplifier. 

For a proper selection of a motor, it is recommended to consult the motor manufacturers 
and obtain detailed specification, application handbooks, product brochures, and manuals. 
The application requirement should be explained to them as it helps in proper selection.  

1.4.3  Determining the control system hardware and software 
After selecting the motor and amplifier, prepare a flow chart for the operating software. 
This helps in determining the choice of the control system. Simple logic requires simple 
hardware interfacing with an embedded controller. Complex logic, data storage and 
retrieval, operators interface, etc., requires a computer based control system. 

Finally, the software language is also an important part of the selection criteria of any 
control system. An attempt to assemble the right motion control hardware into a 
functioning machine with several possible restrictions on, cycle time, product handling, 
serviceability, learning curve, schedule, budget, etc., is difficult enough. Selection of a 
motion control computer system primarily, based on its programming language instead of 
its functional capabilities, reliability and cost would not be a rational decision. At the 
same time, programming in any high level language can restrict system capability. It is 
easy to develop the programs using user-friendly high level programming language. Any 
pre-composed language reduces your programming efforts, but it rarely allows you the 
precise control over the control system. 
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How generic must be a programming language or a software package before it loses it 
effectiveness and user-friendliness? Let us assume that all the available motion control 
hardware has more or less same capabilities. The software required for the task can be 
taught from the base, from which the remaining software development effort can evolve. 
This includes—operator interface, data manipulation, memory storage, table construction, 
I/O handling, etc. Software development required to deal with a motion controller is a 
function of the value of the command set within the controller, and depending whether 
the controller is RS-xxx (e.g. RS-485) based, or Bus-based, or both. Command set and 
communication mode determines the efforts that will be required to solidify the overall 
system operations. Long update times from keystroke entry to display tend to hamper 
operator efficiency. Also long RS-xxx communication strings that have to be verified, 
and then decoded by the motion device reduce the high-speed real-time capability. 

Any single computer device is limited in its capability to function in its hardware 
environment, or in real time by the operating software. For an adequate overall 
performance, you must maximize the computer’s capabilities. When you deal with 
control design, you must consider the real-time system response. If you require a real-
time handling for successful operations, then it must be the primary criteria for the 
selection of control devices. To select the proper motion control device, you must always 
consider the system restrictions first. After knowing the requirements of the real-time 
system, you can choose the motion control devices that fit into the systems hardware 
requirements, and at this point, you can scrutinize the software for optimum handling and 
user-friendliness. 

1.4.4  Techniques for designing control systems 
The design of a control system is the most important function of every control engineer.  

The following control engineering techniques are used for system analysis, which 
provide the necessary inputs required for design and implementation of a control system: 

•  Mathematical modeling of the physical system 
• Transfer functions 
• Block diagrams 
• Signal flow graphs 

•  Control system components and elements  
• Linear approximation of non-linear systems 
• Electrical systems 
• Pneumatic systems 
• Hydraulic systems 

•  Time response analysis 
• Standard test signals 
• Time response of first-order and second-order systems 
• Steady state errors and error constants 
• Performance indices 

•  Stability criteria 
• Concept and necessary conditions for stability 
• Routh stability criteria 
• Hurwitz stability criteria 
• Relative stability analysis 
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•  Root locus technique 
•  Frequency response analysis 

• Correlation between time response and frequency response 
• Polar plots 
• Bode plots 
• All-pass and minimum phase systems 
• Log magnitude versus phase plots 

•  Stability in frequency domain 
• Nyquist stability criteria 
• Closed-loop frequency response 
• Sensitivity analysis of frequency domain 

•  Design considerations 
• Realization of basic compensators 
• Cascade compensation in time domain and frequency domain 
• Feedback compensation 
• Network compensation of AC systems 

•  Sampled data control systems 
• Spectrum analysis of sampling process 
• Signal reconstruction 
• Z-transfer function 
• Inverse z-transform and response of linear discrete systems 
• Z-domain and s-domain relation 
• Compensation techniques 

 
During the design of a control system, while some of the direct design methods can be 

abstracted from analysis, in most situations the design proceeds on a trial and error basis, 
wherein the above-mentioned analysis techniques are repeatedly applied.  

 



16  Practical motion control for engineers and technicians  

 
 




